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NOAA'S NATIONAL STATUS AND TRENDS (NS&T) MUSSEL WATCH
PROGRAM — GULF OF MEXICO

The purpose of the NOAA National Status and Trends (NS&T)
Mussel Watch Project is to determine the long-term temporal and spatial
trends of selected environmental contaminant concentrations in bays
and estuaries. The key questions in this regard are:

(1) What is the current condition of the nation's coastal zone?

(2) Are these conditions getting better or worse?

This report represents the Year 7 Technical Report from this multi-
year project. These questions have been addressed in detail as evidenced
by the scientific papers and reports that have resulted from the
Geochemical and Environmental Research Group's (GERG)
interpretations of the Gulf Coast data (Table 1). Publications not
included in GERG's previous Technical Reports are contained in this
technical report.

This report is an update on the current condition of the Gulf of
Mexico coastal zone, based on results from Years 1 through 7 of the
NOAA NS&T Mussel Watch Project. Following is a brief sampling survey
of these years:

Year 1- 49 sites (147 stations) of the original 51 sites were
successfully sampled. Sediments and oysters were
analyzed at triplicate stations from all sites.

48 sites (144 stations) of the original 51 sites were
successfully sampled. Sediments and oysters were
analyzed at triplicate stations from all sites.

Twenty (20} sites were added to the original list of 51
sites for a total of 71 sites. Sixty-four (64) sites (192
stations) of the 71 sites were sampled (only 19 of the
new sites were sampled). Oysters were analyzed at
triplicate stations from all sites. Sediments were
analyzed at only the new sites (three stations analyzed
per site).

Seven (7) new sites were added (only six of the new sites
were successfully sampled). Sixty-seven (67) sites (201
stations) of the 78 total sites were sampled. Oysters
were analyzed at triplicate stations from all sites.
Sediments were analyzed at only the new sites (three
stations analyzed per site).

Three (3) new sites were added to the sampling project
(only two of these sites were successfully sampled;
79:MBDR and 80:PBSP). Sixty-eight (68) sites (204
stations) of the 80 total sites were sampled. Oysters
were analyzed at triplicate stations from all sites.

Year 2

Year 3

1

Year 4

!

Year 5
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Sediments were analyzed at only the new sites (three
stations analyzed per site).

Year 6 - Two (2) new sites were added to the sampling project
(81:BHKF in Bahia Honda Key, FL and 63:LPGO in
Lake Pontchartrain, LA). Sixty-four (64) sites (192
stations) were sampled. Oysters were analyzed at
triplicate stations from all sites. Sediments were
analyzed at only the new sites (three stations analyzed
per site).

Year 7 - Five new sites were established including three new
sites in Puerto Rico (Sites 86 to 88) and two new sites
in Choctawhatchee Bay (Sites 84 and 85). Sixty-seven
(67) sites were analyzed. Only one oyster analysis was
conducted at each of the old sites on a composite from
the three stations. Sediments were analyzed at the five
new sites and one site in Florida (PBPH) (three stations
analyzed per site).

Details of the sample collection and location of field sampling sites are
contained in a separate report titled "Field Sampling and Logistics in
Year 7.

The oyster and sediment samples were analyzed for contaminant
concentrations [trace metals, polynuclear aromatic hydrocarbons (PAH),
pesticides and polychlorinated biphenyls (PCBs])], disease incidence and
other parameters that aid in the interpretation of contaminant
distributions (grain size, oyster size, lipid content, etc.). The analytical
procedures used and the QA/QC Project Plan are detailed in a separate
report titled "Analytical Methods". The data that were produced from the
sample analyses for Year 7 are found in a separate report titled
"Analytical Data".

A complete and comprehensive interpretation of the data from the
National Status and Trends Project for oyster data coupled with the
sediment data is an ongoing process. We have begun and are continuing
that process as evidenced by this report and the scientific manuscripts
that we have published or submitted for publication (Table 1). As part of
the data interpretation and dissemination, over 40 presentations of the
NOAA NS&T Gulf Coast Mussel Watch Project were given at national and
international meetings. With seven years of data, the question of
temporal trends of contaminant concentrations has been addressed. A
general conclusion found for most contaminants measured is that the
concentrations have remained relatively constant over the seven-year
sampling period. This general trend, however, is not observed at all sites.
Some sites show significant changes (both increases and decreases)
among the years. Continued sampling is addressing the frequency and
rates of these changes.

Exceptions to this general trend are found for DDTs and TBT.
When historical data for DDT in bivalves is compared to current NS&T
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data, a decrease in concentration is apparent. Also based on TBT data
collected as part of the NOAA NS&T Mussel Watch Project, a decline in
TBT concentration in oysters is apparent. Both declines may be in
response to regulatory actions.

During Year 3 of this project, 20 new sites were added. These sites
were chosen to be closer to urban areas, and therefore, to the sources of
contaminant inputs. These new sites were not, however, located near
any known point sources of contaminant input. These sites were added
to better represent the current status of contaminant concentrations in
the Gulf of Mexico. Over the subsequent years of the project (Years 4
through 7) additional sites have been added to increase the
representative coverage of the Gulf of Mexico and U.S. Caribbean
territories.

While sampling sites for this project were specifically chosen to
avoid known point sources of contamination, the detection of coprostanol
in sediment from all sites indicates that the products of man's activities
have reached all of the sites sampled. However, when compared to
known point sources of contamination, all of the contaminant
concentrations reported are, in most cases, many orders of magnitude
lower than obviously contaminated areas. The lower concentrations in
Gulf of Mexico samples most likely reflect the fact that the sites are far
removed from point sources of inputs, a condition which is harder to
achieve in East and West Coast estuaries. In fact, new sites added in
Years 3 through 7 are closer to urban areas and generally had higher
contaminant concentrations. An important conclusion derived from the
extensive NS&T data set is that contamination levels in Gulf Coast near
shore areas remain the same or are getting better, and most areas
removed from point sources are not severely contaminated.

This document represents one of three report products as part of
Year 7 of the NS&T Gulf of Mexico projects. The other two reports are
entitled:

s Analytical Data, Year 7
* Field Sampling and Logistics, Year 7
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Table 1. GERG/NOAA NS&T PUBLICATIONS

Wade, T.L., B. Garcia-Romero and J.M. Brooks (1988)
Tributyltin contamination of bivalves from U.S. coastal
estuaries. Environmental Science and Technology, 22:
1488-1493,

Wade, T.L., E.L. Atlas, J.M. Brooks, M.C, Kennicutt II, R.G. Fox,
J. Sericano, B. Garcia-Romero and D. DeFreitas (1988)
NOAA Gulf of Mexico Status and Trends Program:
Trace organic contaminant distribution in sediments
and oysters. Estuaries, 11: 171-179.

Wade, T.L., B. Garcia-Romero and J.M. Brooks (1988)
Tributyltin analyses in association with NOAA's
National Status and Trends Mussel Watch Program. In:
OCEANS '88 Conference Proceedings, Baltimore, MD, 31
Oct. - 2 Nov. 1988, pp. 1198-1201.

Wade, T.L., M.C. Kennicutt, IT and J.M. Brooks (1989) Gulf of
Mexico hydrocarbon seep communities: I1I: Aromatic
hydrocarbon burdens of organisms from oil seep
ecosystems. Marine Environmental Research, 27: 19-30.

Wade, T.L. and J.L. Sericano (1989) Trends in organic
contaminant distributions in oysters from the Gulf of
Mexico. In: Proceedings, Oceans '89 Conference, Seattle,
WA, pp. 585-589.

Wade, T.L. and B. Garcia-Romero (1989) Status and trends of
tributyltin contamination of oysters and sediments from
the Gulf of Mexico. In: Proceedings, Oceans '89
Conference, Seattle, WA, pp. 550-553.

Wade, T.L. and C.S. Giam (1989) Organic contaminants in the
Gulf of Mexico. In: Proceedings, 22nd Water for Texas
Conference, Oct. 19-21, 1988, South Shore Harbour Resort
and Conference Center, League City, TX (R. Jensen and C.
Dunagan, Eds.), pp. 25-30.

Craig, A., E.N. Powell, R.R. Fay and J. M. Brooks (1989)
Distribution of Perkinsus marinus in Gulf coast oyster
populations. Estuaries, 12: 82-91.

Presley, B.J., R.J. Taylor and P.N. Boothe (1990) Trace metals
in Gulf of Mexico oysters. The Science of the Total
Environment, 97/98: 551-553.
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Sericano, J.L., EL. Atlas, T.L. Wade and J.M. Brooks (1990)
NOAA's Status and Trends Mussel Watch Program:
Chlorinated pesticides and PCB's in oysters
(Crassostrea virginica) and sediments from the Gulf of
Mexico, 1986-1987. Marine Environmental Research, 29:
161-203.

Wade, T.L., B. Garcia-Romero and J.M. Brooks (1990) Butyltins
in sediments and bivalves from U.S. coastal areas.
Chemosphere , 20: 647-662.

Brooks, JM., M.C. Kennicutt II, T.L.. Wade, A.D. Hart, G.I.
Denoux and T.J. McDonald (1990) Hydrocarbon
distributions around a shallow water multiwell
platform. Environmental Science and Technology, 24:
1079-1085.

Sericano, J.L., T.L. Wade, E.L. Atlas and J.M. Brooks (1990)
Historical perspective on the environmental
bioavailability of DDT and its derivatives to Gulf of
Mexico oysters. Environmental Science and Technology,
24: 1541-1548.

Wade, T.L., JL. Sericano, B. Garcia-Romero, J.M. Brooks and
B.J. Presley (1990) Gulf coast NOAA National Status &
Trends Mussel Watch: the first four years. In: MTS'90
Conference Proceedings, Washington, D.C., 26-28
September 1990, pp. 274-280.

Brooks, J.M., T.L. Wade, B.J. Presley, J.L. Sericano, T.J.
McDonald, T.J. Jackson, D.L. Wilkinson and T.F. Davis
(1991) Toxic contamination of aquatic organisms in
Galveston Bay. In: Proceedings Galveston Bay
Characterization Workshop, February 21-23, pp. 65-67.

Wade, T.L. J.M. Brooks, J.L. Sericano, T.J. McDonald, B. Garcia-
Romero, R.R. Fay, and D.L. Wilkinson (1991) Trace
organic contamination in Galveston Bay: Results from
the NOAA National Status and Trends Mussel Watch
Program In: Proceedings Galveston Bay Characterization
Workshop, February 21-23, pp. 68-70.

Presley, B.J., R.J. Taylor and P.N. Boothe (1991) Trace metals
in Galveston Bay oysters. In: Proceedings Galveston Bay
Characterization Workshop, February 21-23, pp. 71-73.

Sericano, J.L., T.L. Wade and J.M. Brooks (1991) Transplanted
oysters as sentinel organisms in monitoring studies. In:

Proceedings Galveston Bay Characterization Workshop,
February 21-23, pp. 74-75.
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McDonald, S.1., I.M. Brooks, D. Wilkinson, T.L. Wade and T.J.
McDonald (1991) The effects of the Apex Barge oil spill
on the fish of Galveston Bay. In: Proceedings Galveston
Bay Characterization Workshop, February 21-23, pp. 85-
86.

Wade, T.L., J.M. Brooks, M.C. Kennicutt II, T.J. McDonald, G.J.
Denoux and T.J. Jackson (1991) Oysters as biomonitors
of oil in the ocean. In: Proceedings 23rd Annual Offshore
Technology Conference, No. 6529, Houston, TX, May 6-
9, ., pp. 275-280.

Brooks, J.M., M.A. Champ, T.L. Wade, and S.J. McDonald
(1991) GEARS: Response strategy for oil and
hazardous spills. Sea Technology, April 1991, pp. 25-32.

Sericano, J.L., T. L. Wade and J.M. Brooks (1991) Chlorinated
hydrocarbons in Gulf of Mexico oysters: Overview of
the first four years of the NOAA's National Status and
Trends Mussel Watch Program (1986-1989). In: Water
Pollution: Modelling, Measuring and Prediction. Wrobel,
L.C. and Brebbia, C.A. (Eds.), Computational Mechanics
Publications, Southampton, and Elsevier Applied Science,
London, pp. 665-681.

Wade, T.L., B. Garcia-Romero and J.M. Brooks (1991)
Bioavailability of butyltins. In: Organic Geochemistry -
Advances and Applications in the Natural Environment.
Manning, D.A.C. (Ed.), Manchester University Press,
Manchester, pp. 571-573.

Wilson, E.A., ENN. Powell, M.A. Craig, T.L. Wade and J.M.
- Brooks (1991) The distribution of Perkinsus marinus in
Gulf coast oysters: its relationship with temperature,
reproduction and pollutant body burden. Int. Reuve der
Gesantan Hydrobioligie, 75: 533-550.

Sericano, J.L., A M. El-Husseini and T.L. Wade (1991) Isolation
of planar polychlorinated biphenyls by carbon column
chromatography. Chemosphere, 23(7). 915-924.

Wade, T.L., B. Garcia-Romero and J.M. Brooks (1991) Oysters
as biomonitors of butyltins in the Gulf of Mexico.
Marine Environmental Research, 32: 233-241.

Wilson, E.A., ENN. Powell, T.L. Wade, R.J. Taylor, B.J. Presley
and J.M. Brooks (1991) Spatial and temporal
distributions of contaminant body burden and disease
in Gulf of Mexico oyster populations: The role of local
and large-scale climatic controls. Helgolander
Meeresunters, 46: 201-235.

Powell, W.N., J.D. Gauthier, E.A. Wilson, A. Nelson, R.R. Fay
and J.M. Brooks (1992) Opyster disease and climate
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change. Are yearly changes in Perkinsus marinus
parasitism in oysters (Crassostrea virginica) controlled
by climatic cycles in the Gulf of Mexico? PSZNI: Marine
Ecology, 13: 243-270.

Hofmann, E.E., E.N. Powell, J.JM. Klinck E.A. Wilson (1992)
Modeling oyster populations III. critical feeding
periods, growth and reproduction. J. Shellfish
Research, 2: 399-416.

Sericano, J.L., T.L. Wade, A.M. El-Husseini and J.M. Brooks
(1992) Environmental significance of the uptake and
depuration of planar PCB congeners by the American
oyster (Crassostrea virginica). Marine Pollution Bulletin,
24; 537-543.

Wade, T.L., E.N. Powell, T.J. Jackson and J.M. Brooks (1992)
Processes controlling temporal trends in Gulf of Mexico
Oyster health and contaminant concentrations. In:
Proceedings MTS '92, Marine Technology Society, Oct. 19-
21, Washington, D.C. pp. 223-229.

Tripp, B.W., J.W. Farrington, E.D. Goldberg and J.L. Sericano
(1992) International mussel watch: the initial
implementation phase. Marine Pollution Bulletin, 24:
371-373.

Sericano, J.L., T.L. Wade and J.M. Brooks (1993) The
usefulness of transplanted oysters in biomonitoring
studies. In: Proceedings of The Coastal Society Twelfth
International Conference, Oct. 21-24, 1990, San Antonio,
TX, pp. 417-429.

Wade, T.L., J.L. Sericano, J.M. Brooks and B.J. Presley (1993)
Overview of the first four years of the NOAA National
Status and Trends Mussel Watch Program. In:
Proceedings of The Coastal Society Twelfth International
Conference, Oct. 21-24, 1990, San Antonio, TX, pp. 323-
334.

Sericano, J.L., T.L. Wade, E.N. Powell and J.M. Brooks (1993)
Concurrent chemical and histological analyses: Are
they compatible? Chemistry and Ecology, 8: 41-47.

Sericano, J.L., T.L. Wade, J.M. Brooks, E.L. Atlas, R.R. Fay and
D.L. Wilkinson (1993) National Status and Trends
Mussel Watch Program: chlordane-related compounds
in Gulf of Mexico oysters: 1986-1990. Environmental
Pollution, 82: 23-32.

Wade, T.L., T.J. Jackson, J. M. Brooks, J.L. Sericano, B. Garcia-
Romero and D.L. Wilkinson (1993) Trace organic
contamination in Galveston Bay oysters: results from
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the NOAA National Status and Trends Mussel Watch
Program. In: Proceedings, The Second State of the Bay
Symposium, Galveston, TX, February 4-6, pp. 109-111.

Presley, B.J. and K.T. Jiann (1993) Indicators of trace metal
pollution in Galveston Bay. In: Proceedings, The Second
State of the Bay Symposium, Galveston, TX, February 4-6,
pp. 127-131.

Wade, T.L., T.J. Jackson, T.J. McDonald, D.L. Wilkinson, and
J.M. Brooks (1993) Opysters as biomonitors of the APEX
barge oil spill. In: Proceedings, 1993 International Oil
Sgtill Conference, Tampa, FL, March 29-April 1, pp. 127-
131.

Palmer, S.J., B.J. Presley, R.J. Taylor and E.N. Powell (1993)
Field studies using the oyster Crassostrea virginica to
determine mercury accumulation and depuration rates.

Bulletin Environmental Contamination Toxicology 51:
464-470.

Morse, J.W., B.J. Presley and R.J. Taylor (1993) Trace metal
chemistry of Galveston Bay: water, sediment and biota.
Marine Environmental Research, 36: 1-37.

Sericano, J.L. (1993) The American oyster (Crassostrea
virginica) as a bioindicator of trace organic
contamination. Ph.D. Dissertation, Department of
Oceanography, Texas A&M University, 242 p.

Palmer, S.J. and B.J. Presley (1993) Mercury bioaccumulation
by shrimp (Penaeus aztecus) transplanted to Lavaca
Bay, Texas. Marine Pollution Builetin, 26(10): 564-566.

Jackson, T.J., T.L. Wade, T.J. McDonald, D.L. Wilkinson and J.M.
Brooks (1993) Polynuclear aromatic hydrocarbon
contaminants in oysters from the Gulf of Mexico (1986-
1990). Environmental Pollution , 83: 291-298.

Garcia-Romero, B., T.L.. Wade, G.G. Salata, and J.M. Brooks
(1993) Butyltin concentrations in oysters from the Gulf
of Mexico during 1989-1991. Environmental Pollution,
81: 103-111.

Sericano, J.L., T.L. Wade, B. Garcia-Romero and J.M. Brooks
(1994) Environmental accumulation and depuration of
tributyltin by the American Oyster, Crassostrea
virginica. Marine Biology (submitted).

" Hofmann, E.E., J.M. Klinck, E.N. Powell, S. Boyles, M. Ellis
(1994) Modeling oyster populations II. Adult size and
reproductive effort. Journal of Shellfish Research (in
press).
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Ellis, M.S_, K.-S. Choi, T.L. Wade, E.N. Powell, T.J. Jackson and
D.H. Lewis (1994) Sources of local variation in
polynuclear aromatic hydrocarbon and pesticide body
burden in oysters (Crassostrea virginica) from Galveston
Bay, Texas. Estuaries (in press).

To be included in Year 8 Technical Report:

Kennicutt, M.C. II, T.L. Wade, B.J. Presley, A.G. Requejo, .M.
Brooks and G.J. Denoux (1994) Sediment contaminants
in Casco Bay, Maine: inventories, sources and potential
for biological effects. Environmental Science and
Technology (in press).

McDonald, S.J., M.C. Kennicutt II, J.L. Sericano, H. Liu, T.L.
Wade and S.H. Safe (1994) Correlation between
bioassay-derived P4501A1-Induction activity and
chemical analysis of clam (Laternula elliptica) extracts
from McMurdo Sound, Antarctica. Marine
Environmental Research (Submitted).

Sericano, J.L., T.L. Wade and J.M. Brooks (1994) Accumulation
and depuration of organic compounds by the American
oyster (Cassostrea virginica). Science of the Total
Environment (in press).

Sericano, J.L., S.H. Safe, T.L. Wade, and J.M. Brooks (1994)
Toxicological significance of non-, mono-, and di-ortho
substituted polychlorinated biphenyls in oysters from
Galveston and Tampa Bays. Environmental Toxicology
and Chemistry (submitted).
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The Usefulness of Transplanted Oysters in
Biomonitoring Studies

José L. Sericano, Terry L. Wade,
and James M. Brooks
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Overview of the First Four Years of the NOAA

National Status and Trends
Mussel Watch Program
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Trace Organic Contamination in Galveston Bay
Oysters: Results from the NOAA National Status
and Trends Mussel Watch Program

Terry L. Wade, Thomas |]. Jackson, James M. Brooks, José L. Sericano, Bernardo
Garcia-Romero and Dan L. Wilkinson
Geochemical and Environmental Research Group, College of Geosciences and
Maritime Studies, Texas A&M University

It is important to determine the current status of contaminant concentrations in
order to assess the environmental response to management decisions that reduce or
stop the input of selected contaminants. To fill this information gap with high
quality data for U.S. coastal areas, the Nationai Oceanic and Atmospheric
Administration (NOAA) established the National Status and Trends (INS&T) Mussel
Watch Program. As part of the NS&T Program, sediment and oyster samples have
been collected and analyzed from over 70 estuarine sites in the Gulf of Mexico
representing all major Gulf Coast estuaries. Sampling sites were located in areas not
influenced by known point sources of contaminant inputs, including Galveston Bay.
Oysters were employed as sentinel organisms because they are cosmopolitan,
sedentary, bioaccumulate, able to provide an assessment of bioavailability, not
readily capable of metabolizing contaminants, able to survive pollution loading,
transplantable, and commercially valuable. Oysters are, therefore, excellent
biomonitors for contamination in estuarine areas. :

The Galveston Bay system is one of the largest and most economically important
estuaries along the U.S. Gulf Coast. This area has been the recipient of various
contaminant inputs because of an aggressively growing urban and industrial region.
Houston, Deer Park, Baytown, Texas City and Galveston, surrounding Galveston Bay
to the nortliand west, are some of the most heavily industrialized areas in Texas.
Hundreds of industrial plants, including petrochemical complexes and refineries,
bordering the Galveston Bay estuarine system, as well as runoff, are likely to
introduce significant amounts of organic contaminants into the Bay. In general,
ecological studiés have suggested that the waters of Galveston Bay contained

contaminants in sublethal amounts which caused stress to organisms resulting in
significant changes in the estuarine community structure. Galveston Bay NOAA
NS&T sampling sites (Figure 1) included the Ship Channel (GBSC), Yacht Club
(GBYC), Todd's Dump (GBTD), Hanna Reef (GBHR), Offats Bayou (GBOB) and
Confederate Reef (GBCR). Samples were collected in the winter starting in January
of 1986 at four sites (GBYC, GBTD, GBHR, GBCR) and in December of 1987 (Year 3) at
two additional sites (GBSC, GBOB). Samples were collected at some of these sites at
other times to provide information on seasonal trends in contaminant
concentrations. Sediments (top 1 cm) and oysters (20) were collected at three stations
at each site and analyzed for polynuclear aromatic hydrocarbons (PAH),
polychlorinated biphenyls (PCB), chlorinated pesticides (e.g., DDT, chlordane), and
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tributyltin. Sampling started in the winter of 1985/86 and is continuing with
sampling each winter. Seven years of data are currently available and Year 8
sampling has just been completed. All sample analyses were performed using
standard operating procedures (SOPs) to provide high quality, precise, accurate, and
reproducible data. Data quality was further assured by yearly participation in
NOAA/NIST intercalibration exercises. This allows for direct comparison of NS&T
Gulf Coast data with NS&T data for the East and West coasts.

Contaminant concentration patterns were similar for most contaminants. The
upper bay sites (GBSC, GBYC) had higher concentrations than the mid-bay sites
(GBTD, GBHR) for PAH, DDT, PCB, and butyltins. Sites from the lower bay (GBOB,
GBCR) had intermediate concentrations. This most likely results from proximity to
large urban areas and runoff inputs. The lower contaminant loading in the mid-bay
region probably results from dilution effects. For example, total PAH average
concentrations ranged from 20 to 15,000 ng/g. The higher concentrations were
measured in oysters from the upper portion of Galveston Bay (i.e., GBSC and GBYC)
and near the city of Galveston (i.e., GBCR and GBOB). Opyster samplés from areas
farther away from urban centers (i.e., GBHR and GBTD) had average concentrations
one to two orders of magnitude lower. In general, these concentrations are in good
agreement with those previously encountered during temporal studies in Galveston
Bay. Two PAHSs, pyrene and fluoranthene, generally accounted for >25% of the total
PAHs measured. The predominance of these compounds suggests that the major
source of PAHs is from combustion products.

Average total PCB and DDT concentrations in Galveston Bay oysters were in the 48-
1100 and 12-240 ng/g ranges, respectively. Most of the DDT residue is present as
metabolites, DDE and DDD. In general, less than 10% of the total contaminant load
in oysters is the parent compound, DDT. Samples from the GBYC and GBSC were
the most contaminated while oysters from GBHR had the lowest residue
concentrations.--These concentrations agree with the ranges reported earlier for
Galveston Bay bivalves. The median concentrations found in Galveston Bay for
PAH, chlordane, dieldrin, PCB, and butyltins are higher than the median
concentrations found throughout the Gulf of Mexico for the NS&T Program. The
median DDT concentrations found in Galveston Bay are about the same as those
found for the entire Gulf of Mexico. Therefore, compared to the rest of the Gulf of
Mexico the median concentrations of most organic contaminants are generally
higher in Galveston Bay. However, when Galveston Bay sites are compared to all
U.S. NS&T sites none of the concentrations, with the exception of chlordanes at
GBYC and GBSC, are ranked as high on a national scale.

Sample collections at other times of the year indicate some seasonal variability of
contamination concentrations. This may result from the loss of a considerable
amount of contaminants by oysters during spawning. Other studies of Galveston
Bay oysters indicate that body burdens of contaminants can change due to
accumulation and depuration. These preliminary studies indicate that more
information regarding the use of oysters as bioindicators would provide for better
interpretation of the data from the NS&T program.
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Indicators of Trace Metal Pollution in Galveston Bay

Bobby Joe Presley and Kuo-Tung Jiann
Department, of Oceanography , Texas A&M University

Sediments and organisms are usually more reliable and more convenient media for
trace metal analysis than is water. Even polluted bay and estuarine water is very low in
trace metal concentration, making it difficult to analyze reliably. Furthermore,
concentrations in water are subject to rapid changes with changing metal inputs.
Sediments and organisms have higher metal concentrations and they integrate values
over time so less frequent sampling is needed.

Oyster (Crassostren virginica) and other bivalves have been used as “sentinel” organisms
for assessing the pollution status of marine water bodies for almost twenty years. For
example, Goldberg et al (1983) report data for a USEPA funded “Mussel Watch”
program conducted in 1976-78, and the current NOAA-funded “National Status and
Trends Program” (NS&T) is an outgrowth and extension of the “Mussel Watch”
concept. Bivalves are widely recognized as being responsive to changes in pollution
levels in the environment, good accumulators of pollutants, widely distributed along
coasts, and easy to collect and analyze. Sediments also respond to changes in pollutant
trace metal inputs because most pollutant metals are particle reactive; that is, they
readily attach to particles which can then sink to the bottom and become part of the
sediments.

Oysters have been collected at six different sites in Galveston Bay (GB) since 1986 as
part of NS&T. Each site is on an identifiable oyster reef and, for the first 5 years, twenty
oysters were taken from each of three stations, the stations being 100 and 500 m apart.
Currently only one station is sampled at each site. Each site has been sampled once
each year, except two of the sites were not sampled the first two years. The twenty
oysters from each station are combined and analyzed as a single sample eagh year. In
most cases, stations are located hundreds of meters to many kilometers away from any
obvious point sources of pollutant inputs in an attempt to characterize large areas of
GB, rather than to identify specific point sources of pollutant input. Similar N5&T
~sampling is conducted in all other major bays and estuaries along the U.S. Gulf of
' Mexico coastline. The program allows different bays to be compared and pollutant
concentration changes with time at a given bay to be documented.

Data obtained by atomic adsorption spectrophotometry (AAS) after acid digestion of
oysters from the first four years of NS&T have been reported (Presley et al., 1990, 1991).
The samples were analyzed for Ag, As, Cd, Cr, Cu, Fe, Hg, Mn, Ni, Pb, Se, Si, Sn, and
Zn. Flame AAS was used for Cu, Fe, and Zn, which exhibit high concentrations in
oysters, cold vapor AAS for mercury, and graphite furnace AAS for the remaining
elements. Blanks and reference materials were analyzed with the samples. Precision
and accuracy of the data was estimated to be £10%.
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Trace metal concentrations found in oysters collected along the entire Gulf of Mexico
coastline during the first four years of NS&T were generally similar to those reported in
oysters taken from non-contaminated water in other parts of the world (Presley et al,,
1990). Only a few sites showed obvious trace metal pollution and these were restricted
geographically such that nearby sites were usually unaffected. Abnormally high or low
values at a site did, however, usually repeat year after year suggesting local control.
Abnormal sites for most metals were just as likely to be visibly pristine as to be highly
industrialized.

Presley et al. (1991) reported that the oysters collected in Galveston Bay during the first
four years of NS&T were similar in trace metal content to those collected elsewhere
along the Gulf coastline, i.e., there was no indication of generalized trace metal
pollution in GB. The average Ag, Cd, Cr, Fe, Mn, and Pb in GB oysters differed by 10%
or less from the Gulf-wide average. Copper was 13% higher in GB, while Ni was 15%
higher, and Se 16% higher. Zinc, however, was 43% higher. Furthermore, the highest
Zn levels were found along the industrialized west side of Galveston Bay.

The four year NS&T sampling and analysis of oysters from the Gulf Coast discussed by

~ Presley et al. (1990, 1991) has been‘continued for three more years with at least an

additional three years planned. The basic patterns in concentration variability seen
earlier have not changed significantly. With few exceptions, Galveston Bay oysters
continue to be about average in trace metal content when compared to oysters from
other bays along the Gulf Coast. Furthermore, oysters from near the entrance to the
inland part of the Houston Ship Channel and from the industrialized western shoreline
have about the same metal content as those from pristine areas of East and West Bays.

In non-funded student research designed to further investigate the relationship between
trace metal concentrations in oysters and proximity of industry, samples were taken at
twelve sites at the end of June and at the end of September, 1992. At most sites, 10-30
individual oysters were taken. They were collected, handled, and analyzed as
described previously (Presley et al., 1990). No oysters were collected in extreme
northern Galveston Bay, but shoreline samples were taken near Eagle Point and the
highly industrialized areas of Texas City. Samples were also taken in central GB along
the open-water part of the Houston Ship Channel and from East and West Bays.

Most trace metal concentrations were lower in oysters collected in September, 1992,
than those collected at the same locations in June, 1992. In many cases, the decrease was
by a factor of two and was, thus, larger than most site to site differences in the bay Itis
very unlikely that this change was caused by human activity because there is little
correlation between metal concentrations in oysters and proximity to population or
industry, and even Fe concentrations in the oysters changed by up to a factor of two.
Rather, the change in trace metal concentration must be related to some physiological
change in the oysters. In order to minimize such changes, oysters are always collected
in December for NS&T. The September, 1992, data is similar to the six-year average
NS&T data, so perhaps oysters change in metal content less during fall and winter.
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Silver concentrations are above the Gulf-wide average in several GB samples, but with
no clear relationship to proximity to industry. Very high Ag concentrations were found
in oysters collected at Confederate Reef in years V and VI (1990-1991) of NS&T, but not
in previous years. A site on Deer Island near Confederate Reef was sampled for the
1992 student work. Oysters from it were somewhat higher than average in Ag content,
but no more so than those from other sites in Galveston Bay. It is possible that human
activity is responsible for the silver and zinc enrichments but no specific causative
activity can be identified. In any case, the enrichments are not high enough to harm the
oysters or human health.

Based on the discussion above and other data from our laboratory, oysters seem to
integrate trace metal concentrations in the surrounding environment for one to two
months. For a longer integration period sediments can be analyzed. As part of the
unpublished student work reported here, sediments were collected at nineteen locations
throughout Galveston Bay, including Morgan's Point and other locations along the
industrialized northern and western shoreline, as well as locations far back into East
Bay well away from industry. The sediment was sieved to separate the <63 um grain
size fraction, which was analyzed along with an aliquot of the unsieved bulk sample.
Analysis was by AAS after both a partial leach of the sample with 0.5 N HCl and
complete dissolution using HNO3;-HCI-HF. Results showed the sediment to be
generally constant in trace metal concentration from place to place when the <63 pum
size fractions were compared and to be similar to sediment from other Texas bays
which were analyzed for NS&T. Average concentrations of metals in the <63 pm
fraction of Galveston Bay sediments and the percentage of that metal leachable with 0.5
N HCl are shown in Table 1, along with average values for other Texas bays
(normalized to 100% <63 pum grain size). Data from Morse et al. (in press) on another
set of sediment samples taken from throughout GB confirms the relative constancy of
trace metal concentrations. The most notable exception to sediment trace metal
constancy found in the present work was a sample taken near the end of the Texas City
Dike. It had <0.5% fine material but that fine material was enriched in several metals.
Based on other data from this laboratory, it may well be that the fine fraction of very
sandy sediment is easily enriched in trace metals from human activity.

Table 1.  Awverage cdncentrations of trace metals in the <63 fun size fraction of
Galveston Bay and other Texas bay sediments.

Fe Ag As Cd Cu Ni Pb Zn
(%) {ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
GB Avg - 29 0.164 821 0.157 28.7 23.9 24.5 98.8
GB S.D. 0.7 0040 1.57 0.106 15.5 4.4 4.6 22.7
GB  Leach (%) 15 S| 19 76 56 21 68 33
TX Avg. 2.12 0.156 791 0.253 15.1 177 245 85.3
TX S.D. 0.83 0.055 327 0.171 35 4.2 6.0 25.2
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Several species of finfish (flounder, drum, trout, catfish, etc.) as well as blue crabs and
oysters were collected from Galveston Bay in May-September, 1990, for the Galveston
Bay National Estuary Program (GBNEP) (Brooks, 1992). These were analyzed for trace
metals in our laboratory following procedures used for NS&T (Presley et al., 1990). The
samples came from near Morgan's point, Eagle point, Hannah Reef and Carancahua
Reef; thus, from areas of contrasting proximity to population centers and industry. In
spite of the contrasts between the collection sties, no clear differences were found in
trace metal concentrations in the organisms. Furthermore, the GB organisms were
similar in trace metal content to organisms from non-polluted bays elsewhere.

Oysters are better accumulators of trace metals and, being attached to the sediment,
should better characterize a site than the other organisms collected for GBNEP. The
GBNEP oysters were generally similar in trace metal content to NS&T oysters from GB,
but somewhat lower in Zn concentration. Zinc was also less clearly related to
population and industry than in NS&T.

GB fish flesh was much lower in trace metals than oyster flesh and while isolated high
values were found, concentrations were generally similar to those found in non-
contaminated bays elsewhere. Trace metals in fish showed no relationship to
population or industry. Fish livers proved to have much higher concentrations of trace
metals (except for Hg) than fish flesh and high variability, but again no clear
relationship to population or industry. Blue crabs from GB were generally intermediate
in trace metal concentration between fish flesh and oyster flesh with similar high
variability and lack of correlation with population or industry. The GBNEP data,
therefore, gave no indication of trace metal pollution in Galveston Bay.
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OYSTERS AS BIOMONITORS
OF THE APEX BARGE OIL SPILL

Terry L. Wade, Thomas J. Jackson, Thomas J. McDonald,
Dan L. Wilkinson, James M. Brooks
Texas A&M University
Geochemical and Environmental Research Group
833 Graham Road
College Station, Texas 77845

ABSTRACT: The collision of the Greek tanker ship Shinoussa resulfted
in a spill of an estimated 692,000 gallons of catalytic feed stock ol into
Galveston Bay onJuly 28, 1990. Qysters were collected from Galveston
Bay Todds Dump (GBTD) 235 days previous to the spill and 6, 37, 132,
and 495 days after the spill. Oysters were also collected from Galveston
Bay Redfish Island (GBRI), a site known to be impacted by the spill, 37
and 110 days after the spill. The conceniration of the 24 polynuclear
aromatic hydrocarbons (PAH) measured for the Nationa!l Oceanic and
Ammospheric Administration's national status and wends program
(NS&T) site showed a sharp increase from about 100 nglg to over 600
ngig one week after the spill compared to concentrations 235 days
previous to the spill. The concentration of the 24 NS&T PAH in oysters
from GBR{ ranges from 400 to over 1000 nglg. Soon afier the spill the
concentration of the 24 NS&T PAH at Todds Dump decreased to levels
not siatistically different from pre-spill samples. However, analyses of
alkylated and sulfur containing aromatic compounds indicate the oys-
ters were siill contaminated with Apex barge oil at least 37 and 110 days
after the spill at GBTD and GBRI, respectively. Daia from NS&T
sampling a1 GBTD more than a year after the spill (495 days) indicates
the presence of alkylated aromatic hydrocarbons that may be from Apex
barge oil siill in the area. It appears that a sink of Apex barge oil (i.e., in
sediments) may periodically be released by storms or other events into
the ecosystem near GBTD. Therefore, bioavailable Apex barge oil is
seill present and may adversely affect oysters 495 days after the spill.

Oysters are analyzed as part of NOAA’s national status and trends
(NS&T) program® to determine the current status and long-term
trends of selected contaminant loadings. As part of this program,
polynuclear aromatic hydrocarbons (PAH), toxic components of oils,
are measured. Coastal waters arc continually impacted by chronic
inputs of PAH from wastewater treatment plants, storm water runoff,
‘atmospheric deposition, and the like. The NS&T program is designed
10 determine the extent of this chronic contamination throughout the
entire U.S. coastal area including the Gulf Coast. However, sporadic
inputs of PAH into the coastal environment also come from small- and
large-scale oil spills.* The seven years of historical NS&T data along
with more recent U. S. EPA environmental monitoring and assess-
ment-near coastal (EMAP-NC) data can be used as the basis for a
geochemical and environmental response strategy (GEARS) as de-
scribed by Brooks et al.' This approach utilizes available data to
provide historical control sites to determine the extent of a spill and
allow for a better cstimate of ecosystem cxposure.

On July 28, 1990, an estimated 692,000 gallons of catalytic fecd stock
oil product was spilled into Galveston Bay when a tanker collided with
three Apex barges in the Houston Ship Channel. The spili was within a
mile of Todds Dump (GBTD), one of the historical NS&T oyster
sampling sites. The spill resulted in the closure of recreational and
commercial fisheries for several days. A study of fish exposed 1o the
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Apex barge oil spill indicated that they efficiently metabolize the PAH
after the initial insult.®” This report discusses the use of oysters as
biomonitors of the Apex barge oil spill at the historical NS&T Todds
Dump site and at Redfish Island, a site reported to be impacted by the
oil spill.?

Materials and methods

Oysters (Crassostrea virginica) were collected for analyses from
Galveston Bay Todds Dump and Redfish Island. Individual stations at
each site are generally from 100 to 1,000 m apart. An analysis at each
GBTD, from routine NS&T sampling program, répresents a compos-
ite of 20 individual oysters. However, samples from GBTD and GBRI
taken 6, 37, and 110 days after the spill represent from 1 to 20 oysters
depending on availability.

Tissue extraction followed the method used for NS&T.* Approx-
imately 15 grams of wet tissue were used for the PAH analysis. After
the addition of internal standards (surrogates) and 50 grams of an-
hydrous Na,SO,, the tissue is extracted three times with dichlo-
romethane using a tissuemizer. The solvent is concentrated to approx-
imately 20 mL in a flat-bottomed flask equipped with a three-ball
Snyder column condenser. The tissue extract is then transferred to
Kuderna-Danish tubes heated in a water bath (60° C) to concentrate
the extracts to 2 final volume of 2 mL. During concentration, the
solvent dichloromethane is exchanged for hexane.

The tissue extracts are fractionated by alumina:silica (80 to 100
mesh) open-columnn chromatography. The silica gel is activated at 170°
C for 12 hours and partially deactivated with 3 percent distilled water
(viw). Twenty grams of silica gel are slurry packed in dichloromethane
over 10 grams of alumina. Alumina is activated at 400° C for four hours
and partially deactivated with 1 percent distilled water (v/w). The
dichloromethane is replaced with pentane by clution. The extract is
then applied to the top of the column. The extract is sequentially eluted
from the column with 50 mL of pentane (alipratic fraction) and 200 mL
of 1:1 pentane:dichloromethane (aromatic fraction). The aromatic
fraction is further purified by high-performance liquid chromatogra-
phy to remove lipids. The lipids are removed by size exclusion using
dichloromethane as an isocratic mobile phase (7 mL/min) and two 22.5
% 250 mm Phenogel 100 columns.® The purified aromatic fraction is
collected from 1.5 minutes prior to the clution of 4,4’-dibromo-
octafluorobiphenyl to 2 minutes after the elution of peryiene. The
retention times of the two marker peaks are checked prior to the
beginning and at the end of a set of ten samples. The purified aromatic
fraction is concentrated to 1 mL using Kuderna-Danish tubes heated in
a water bath a1 60° C.

Quality assurance for each set of 20 samples includes a procedural
blank, matrix spike, duplicate, and tissue standard reference material
(NIST-SRM 1974}, which are carried through the entire analytical
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Figure 1. Location of Galveston Bay Todds Dump (GBTD) and Gal-
veston Bay Redfish Island (GBRU) collection sites and the Apex barge
oil spill

scheme. Internal standards (surrogates) are added 10 the samples prior
to extraction and are used for quantitation. The surrogates are d,-
naphthalene, djs-acenaphthene, dy-phenanthrene, dy.-chrysene, and
dy-perylenc. Surrogates are added at a concentration similar 10 that
expected for the analytes of interest. To monitor the recovery of the
surrogates, chromatography internal standards dy,-fluorene and d,;-
benzo(a)pyrene are added just prior to GC-MS analysis.

Gas chromatography-mass spectrometry (GC-MS). The PAHs were
separated and quantified by GC-MS (HP3890-GC interfaced to a
HP5970-MSD). The samples were injected in the splitless mode ontoa
0.25 mm x 30 m (0.32 m film thickness) DB-5 fused silica capillary
column (J&W Scientific, Inc.) at an initial temperature of 60° C and
temperature programmed at 12° C/min 10 300° C and held at the final
temperature for 6 minutes. The mass spectral data were acquired using
selected ions for each of the PAH analytes. The GC-MS was calibrated
and linearity determined by injection of a multicomponent standard at
five concentrations ranging from 0.01 ng/pL to 1 ng/uL. Sample com-
ponent concentrations were calculated from the average response
factor for each analyte. Analyte identifications were based on correct
retention time of the quantitation ion (molecular ion) for the specific
analyte and confirmed by the ratio of quantitation 10 confirmation ion.

Calibration check samples are run with each set of samples (begin-
ning, middle, and end), with no more than 6 hours between calibration
checks. The calibration check must maintain an average response
factor within = 10 percent for all analytes, with no one analyte greater
than =25 percent of the known concentration. A laboratory reference
oil solution is also analyzed with each set of samples to confirm GC-MS
system performance and peak identification.

Results and discussion

The location of the Apex barge oil spill is shown in Figure 1. A
detailed account of the spill, including cieanup and bioremediation
activities has been published.’ The spilled oil was described as a
catalytic feed stock or similar to a No. 5 fuel oil® with a density of 0.92
g/mL. The Apex barge oil is not a typical Gulf Coast oil, but resembles
adistillate or refined product. This is apparent from the gas chromato-
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Figure 2. Gas chromatogram of Apex barge oil spilled into Galveston Bay (normal alkanes with 21, 27, and 35)
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Table 1. Qyster NS&T PAH, total PAH, and C,-phenanthrene
concentrations before and after the Apex barge oil spill

Days before C,-
Collection (—) or after NS&T PAH Total PAH phenanthrenes

Site date spill (ng/g) (ng/g) (ng/g)
GBTD3 12/6/89 -235 141 1,057 10
GBTD 2 12/6/89 -235 175 471 10
GBTD 1 12/6/89 -235 323 1,893 10

Apex Spill 1/28/90 0 -\ -\ -
GBTD 873190 6 705 14,411 2,293
GBTD 9/3/90 37 122 852 77
GBTD 1 1217190 132 120 877 122
GBTD 2 1277/9G 132 150 1,204 178
GBTD 3 1277190 132 364 4,313 781
GBTD 12/5m1 495 236 1,997 213
GBRI 1 93190 37 790 19,146 2,735
GBRI 2 9/3/90 37 470 12,723 1,636
GBRI 11/15/90 110 1,110 25,213 3,238

1. Not applicable

graph (GC) shown in Figure 2. The GC is a plot of detector response
versus increasing temperature and time. The area of peaks and their
retention times are used to determine the identity and concentration of
the components. The labeled peaksin Figure 2 are normal alkanes with
21, 27, and 35 carbon, respectively. Other peaks represent normal
alkanes ranging from 15 to 37 carbons. The presence of only these
higher boiling compoaents is consistent with a distillate or refined
product and is not typical of a Gulf Coast oil.

The total oyster concentration of the 24 PAH measured as part of
NOAA NS&T program, the total of all PAH measured, and the
concentration of all the phenanthrenes containing 3 carbon (C;-phen-
anthrene) are provided in Table 1. Some of these data are also pres-
ented graphically in Figures 3 and 4. The total NS&T PAH ranged
from 120 to 1110 ng/g. The concentrations found at GBTD 235 days
before the spill ranged from 141 1o 323. This GBTD data shows an
increase in concentrations as you move from the western onshore
station (GBTD-3) to the offshore station (GBTD-1). The 24 NS&T
PAH were only diagnostic of the spill at higher concentrations (i.c.,
greater than 400 ng/g). Total PAH concentrations in oysters from
GBTD and GBRI ranged from 471 to 25,213 ng/g. The total oyster
PAH concentrations when plotted versus the number of days before or
after the spill that the samples were collected (Figure 3) clearly show
the influence of the Apex barge spill at concentrations above 10,000 ng/
g. Based ontotal PAH in oysters, the bioavailability of Apex barge spill
oil is clearly evident for the sample collected at GBTD 6 days after the
spill and samples at GBRI, located closer to the spill, 37 and 110 days
after the spill (Table 1 and Figure 3). The oyster total PAH concentra-
tion was 852 ng/g at GBTD 37 days after the spill. The total PAH oyster
concentration 235 days before the spill at the three GBTD sites was
1057, 471, and 1893, respectively (Table 1). Therefore the concentra-
tion at GBTD 37 days after the spill is within the range of concentra-
tions of total PAH found before the spill (Figure 3).
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Figure 3. Total PAH concentrations in oysters bafore and after the
Apex barge ol spill

The variability within a site for oyster samples collected on the same
date makes evaluation of input from the Apex barge spill more prob-
lematic. However, the 1otat PAH in these samples were predominantly
lower molecular weight alkylated naphthalenes, alkylated fluorene
and C;- and C;-phenanthrenes. No Cy-phenanthrenes were detected
(Table 1). Based on the fact that the Apex barge o1l that was spilled
contained predominantly higher molecular weight hydrocarbons
(Figure 2), it is not surprising that C,-phenanthrenes might be better
indicators of oyster exposure to the Apex barge oil than NS&TPAH or
total PAH. Therefore, the concentration of Cy-phenanthrene was plot-
ted versus the days before or after the spill (Figure 4). This log plot
indicates a clear distinction between oysters collected before the spill
and those collected after the spill. All samples collected after the spill
had detectable concentrations of C;-phenanthrenes, while none of the
samples collected before the spill do.

The data for all the PAH individual compounds or groups of com-
pounds that are present in the Apex barge oil as well as oysters
collected from GBTD 235 days before and 132 days after the spill are
shown in Figure 5, 6, and 7, respectively. A description of the compo-
nents that were measured and plotted is listed in Table 2. These plots
provide a “fingerprint” of the Apex barge oil and the PAH distribution
found in the oysters. Clear differences appear in these fingerprints.
The GBTD sample from NS&T Year 5 (235 days before the spill)
sampling contains mostly peaks in the left side of the plot (Figure 6)
indicating a predominance of lower molecular weight PAH. The
GBTD NS&T Year 6 (132 days after the spill) sampling has mostly
peaks in the midrange of the plot (Figure 7). The fingerprint from the
GBTD oysters after the oil spill is similar to the fingerprint for the
Apex barge oil (Figure 5). This indicates that these oysters are still
being exposed to Apex barge oil. The NS& T oyster samples collected
in Year 7 (495 days after the spill) also appear 1o contain a PAH
fingerprint consistent with bioaccumulation of Apex barge oil.
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Figure 4. C,-phenanthrene concentrations inoysters befare and after
the Apex barge oil spill
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Figure 5. Apex barge oil PAH fingerprint (see Table 2 for abbrevia-
tions)
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Figure 6. Oysters PAH fingerprint 235 days before the Apex barge oil
spill, NS&T Year 5 (see Table 2 for abbreviations)
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Figure 7. Oyster PAH fingerprint 132 days after the Apex barge oil
spill, NS&T Year 6 (see Table 2 for abbreviations) -

Table 2. Polynuciear aromatic hydrocarbons (PAH) analyzed

Abbreviation, Analyte

Naph naphthalene
C,-naphthalenes
Cy-naphthalenes
Cs-naphthalenes
C.-naphthalenes

Bi biphenyl
acenaphthylene
acenaphthene

A fluorene
C,-fluorenes
C,-fluorenes
C,-fluorenes

DBT dibenzothiophene
C,-dibenzothiophenes
C;-dibenzothiophenes
C,-dibenzothiophenes

P phenanthrene

’ anthracene

C,-phenanthrene-anthracenes
Cy-phenanthrene-anthracenes
Cy-phenanthrene-anthracenes
C.-phenanthrene-anthracenes

Fl fluoranthene
pyrene
C,-fluoranthene—pyrenes
benz (a) anthracene

Ch chrysene
C,<hrysenes
C,-chrysenes
Cy-chrysenes
C.-chrysenes
benz {b) fluoranthene

BbF benz (k) fluoranthene
benzo [e] pyrene

BaP benzo {a] pyrene
perylene

1 indeno {1,2,3-cd] pyrene
dibenz [a,h) anthracene

BPe benzo {g,h,i] perylene

1. Used in Figures 5 through 7

Conclusions

The analyses of oyster samples before and after the Apex barge oil
spill indicate that oysters do act as biomonitors and that the spilled oil is
bioavailable. Measurement of total PAH was diagnostic of exposure
for months after the spill; however the complication of other chronic
sources of input make diagnosis of exposure specific to Apex barge oil
more difficult. The use of fingerprinting, using all of the available PAH
data coupled with the historical NS&T data, suggests that Apex barge
oil or a similar oil is still present in the vicinity of the GBTD NS&T
sampling site. The Apex barge oil could be trapped in the sediments in
the shallow surtounding areas. There is then the potential for periodic
releases during storms or other events that disturb the sediments. A
more extensive data set might have provided enough information to
quantitate this possibility better. However, since the decision was made
to do a Type A assessment of the damage,’ which is based on a natural
resource damage assessment model for coastal and manne environ-
ments (NRDAM/CME) and not on environmental monitoring, no
extensive data set exists. The damage assessment model does not
consider the fact that bioavailable PAH from the Apex barge oil spill
may still be present 495 days after the spill. While the use of computer
models 10 assess damage is a politically expedient measure, in the case
of the Apex barge spill there is insufficient data to determine if it
adequately considers long-term damage 1o the environment. More
research is needed to address this possible limitation of the model.
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